Objective To create scenarios of simulated decompensating pediatric patients to train pediatric rapid response teams (RRTs) and to determine whether the scenario scores provide a valid assessment of RRT performance with the hypothesis that RRTs led by intensivists-in-training would be better prepared to manage the scenarios than teams led by nurse practitioners.
There is evidence of both improvement and lack thereof in patient outcomes in studies of RRTs. 16, 17 Numerous factors may contribute to negative results, particularly in pediatrics, including the training and composition of RRTs and the diverse clinical conditions that pediatric RRTs must recognize and manage. In addition, the impact of a RRT may be attenuated at an institution in which there is a strong pre-existing patient care infrastructure. 18 To standardize the preparation of RRTs at pediatric tertiary care centers, a simulation-based training method could be used to provide RRT members with experience in managing a range of conditions that frequently are encountered during a rapid response call. Such an approach also could be used to assess the performance of RRTs.
In this study, we designed simulation scenarios to assess the performance of pediatric RRTs in diagnosing and managing a range of acute conditions that lead to RRT calls. The purposes of the study were to develop a set of scenarios that could be used to educate RRTs and to gather initial evidence to support the
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Intensive care unit NP Nurse practitioner PGY Postgraduate year PICU Pediatric intensive care unit PNP Pediatric nurse practitioner RRT Rapid response team validity of the simulation-based assessment score based on the hypothesis that intensivists-in-training who led RRTs would be better prepared to manage the scenarios than NP-led teams.
Methods
In developing the scenarios, we reviewed critical events that RRTs had encountered and managed at St Louis Children's Hospital. These included respiratory conditions such as asthma exacerbation, respiratory failure, and severe airway obstruction; neurologic conditions such as seizures or a decreased level of consciousness; and cardiac conditions such as arrhythmias, congenital heart disease, and cardiac failure. The scenarios created for the study are similar to premorbid conditions that have led to clinical deterioration prompting a RRT call at other tertiary care pediatric hospitals. 5 The 10 simulation scenarios were designed to reflect a range of ages of children who had cardiovascular, respiratory, and neurologic disease that had either not improved or had worsened during hospitalization (Table I) . A scoring sheet example is available in the Appendix (available at www.jpeds.com). The teams encountered simulations that followed predictable patterns and could be managed by following recognized treatment algorithms (eg, child with status epilepticus) as well as those that required reassessment and re-evaluation of an atypical presentation that did not adhere to typical heuristics. The 10 assessments included an introductory asthma scenario and the remaining scenarios were divided into 3 sets of 3. Each set of 3 included 1 scenario incorporating an admitting diagnosis based on incomplete data that required further inquiry by the RRT to obtain the correct diagnosis and provide appropriate treatment. The atypical presentation scenarios were (1) a child with increasing dyspnea who was admitted with pneumonia but actually had congestive heart failure; (2) a patient with asthma who had continuing bronchospasm and dyspnea and in fact had aspirated a foreign body; and (3) a 6-week-old infant with poor feeding and lethargy who had been admitted with pyloric stenosis but really had coarctation of the aorta.
The scenarios were created by 2 of the authors and reviewed by intensivists and critical care nurses who all had served as members of RRTs. The scenarios were pilot tested by current pediatric RRT members. Based on the pilot team performances and the feedback they provided, the scenarios were revised and scoring rubrics developed. The scoring included a list of key actions that RRTs would be expected to perform to diagnose and manage the scenario. These key actions were used to guide the global ratings that the raters provided on a 1-9 scale for each encounter. Ratings of 1-3 were considered unsatisfactory and indicated that the care was not adequate. Ratings of 4-6 indicated that the care was adequate but not optimal. Ratings of 7-9 indicated that the care provided was effective and efficient. Following piloting of the scenarios, volunteers were solicited from pediatric intensive care unit (PICU) nurses, respiratory therapists, PICU intensivists-in-training, and pediatric nurse practitioners (PNPs) at St Louis Children's Hospital. The teams reflected the composition of the RRTs at the hospital and included a PICU nurse and a respiratory therapist led by a PICU intensivist-in-training or a PNP. Participants provided consent, demographic data, and indicated their simulation experience and level of educational attainment. Six of the teams were led by a NP, and 11 teams were led by a PICU intensivist-in-training (1 postgraduate year [PGY] 3, 1 PGY4, 9 PGY5). The NPs had been registered nurses for an average of 15 years (range 9-23), which included a considerable amount of PICU experience, and had been NPs for an average of 4.8 years (range 2-10). The PICU intensivists-in-training included a third-year pediatric resident (PGY3) who was functioning like a fellow in the PICU. Twelve of the teams were led by women; 5 were led by men. The average age of the leader was 34.5 years (min 31, max 45, SD 3.2). All teams completed all their assigned scenarios in this study approved by the institutional review board of Washington University.
The assessment was conducted in a 2-hour session in the Saigh Pediatric Simulation Center at St Louis Children's Hospital, the pediatric tertiary care center of Washington University. METI PediaSim HPS (CAE, Sarasota, Florida) and SimNewB (Laerdal, Wappingers Falls, New York) mannequins were used, and the team performances were videocaptured for later scoring. Seventeen RRTs were evaluated across 7 simulation scenarios, yielding 119 total encounters. All RRTs (n = 17) participated in the introductory asthma exacerbation scenario that was not included in the scoring, because it was designed to familiarize the teams with the process of simulation. The teams then completed 2 of 3 randomly assigned sets of scenarios (6 of the 9 remaining), yielding 102 study encounters ( Table II) . The teams were debriefed after the initial scenario and following the final seventh scenario. The scenarios were scored by one of the authors for completion of key actions (checklist items) as well as for the global team performance. The global performance was based on a determination on the overall quality of care, which included the speed and accuracy of the diagnosis and allowed the raters to consider actions and decisions that were appropriate as well as those actions that were not indicated based on the child's condition. Because the same rater provided scoring for both the analytic (checklist) and holistic (global) measures, the analysis of team scores was conducted with the global score.
Statistical Analyses
Several psychometric analyses were undertaken to explore the performance of the 17 RRTs. Variance components were calculated to estimate the reliability of the RRT performance scores for the multiscenario assessment. Descriptive statistics (mean, SD) summarized performance at the scenario level. A summary score was calculated by averaging each team's performances across the 6 study scenarios. Correlations between the scenario ratings and the total score (average of scenario ratings) for each team were calculated, which provides a measure of scenario discrimination. To investigate whether performance varied as a function of the characteristics of the leader (PNP, PICU intensivist-in-training) a 1-way repeated measures ANOVA was conducted. The between-subject factor was leader (PNP, PICU intensivist-in-training). The within-subject factor (repeated measure) was scenario. This analysis excluded the initial orientation asthma scenario.
Results
The teams readily recognized and managed scenarios such as supraventricular tachycardia and opioid overdose but had more difficulty with scenarios such as the infant head injury and aortic coarctation. Table III provides a summary of global team performance as well as discrimination statistics. The most difficult scenario was aortic coarctation (Mean [M] = 5.9 ± 1.7), and the easiest was supraventricular tachycardia (M = 8.3 ± 0.8) ( Table III) . The reliability of the global team performance ratings (for a 6-scenario assessment) was 0.57. Scenario discrimination statistics, the correlation between a team's mean scenario score and their overall score on the allotted scenarios, were all positive, indicating that the team performance in one scenario was reasonably predictive of overall performance.
The 1-way (leader type) repeated-measures ANOVA yielded a significant interaction (F = 2.2, P < .05), indicating that performance differences between the groups (PICU intensivistsin-training, PNPs) were not consistent across scenarios. There also was a significant main effect attributable to the type of scenario (F = 5.0, P < = .01), indicating that the scenarios were not of equivalent difficulty. Finally, there was significant effect attributable to leader type (F = 5.3, P < .05). Averaged over scenarios, the teams led by PICU intensivists-in-training outperformed the PNP-led teams (M = 7.4 vs M = 6.8, effect size = 0.51). Table II shows the mean performance, by group (PICU intensivists-in-training, NPs), across scenarios. Although the PICU intensivist-in-training-led teams outperformed the NPled RRTs, the differences were much greater for the scenarios head injury with increased intracranial pressure (M = 7.4 vs M = 5.0) and aortic coarctation (M = 6.6 vs M = 4.3).
Discussion
RRTs serve as a link between general inpatient units and the PICU, bringing additional expertise and acute care skills to deteriorating patients. RRTs often receive limited additional training and are expected to draw on their own experiences in managing acutely ill infants and children. The variance in overall performance on the multiple scenarios that we found among RRTs, as well as the range of performances on individual scenarios, may explain in part the observation that RRTs have improved patient outcomes in some centers [1] [2] [3] [4] but have had no impact on patient outcomes in others. 16, 17 In a recent metaanalysis, RRTs were associated with a reduction in hospital mortality and cardiac arrest; the presence of a physician on the team was not associated with a reduction in mortality. 19 This study was designed to provide experiences in managing a range of simulated scenarios that RRTs might encounter on the ward. The scenarios varied in difficulty and included more challenging conditions that required teams to review the history, conduct additional investigations, and recognize an incorrect admitting diagnosis (cardiomyopathy, bronchial foreign body, and aortic coarctation). The content validity of the simulation scenario scores is supported by the inclusion of conditions that RRTs typically encounter. We hypothesized that if the scenarios represented valid rapid response conditions, then the teams led by PICU intensivists-in-training, who had more training in diagnosis and treatment of medical and surgical conditions, would obtain greater overall scores. This finding provides some evidence to support the construct validity of the assessment scores. The teams led by intensivists-intraining were, on average, better able to manage scenarios that required more advanced diagnostic skills or pharmacologic interventions.
The performance differences between NP and intensivistin-training-led teams were most evident in scenarios such as head injury, aortic coarctation, and cardiomyopathy. In addition to being more clinically complicated, the coarctation and the cardiomyopathy scenarios were designed to defy typical heuristics and required additional interrogation to attain the correct diagnosis. The pediatric NPs also had limited experience in the pediatric cardiac ICU, whereas the PICU intensivists-intraining receive training experiences in the cardiac ICU. Because of resident and fellow duty-hour restrictions, NPs have assumed an ever-increasing role in the care of hospitalized children and frequently function in roles that are interchangeable with resident and fellows, including serving as RRT leaders. 20 Although some performance differences were found, the PNPs effectively directed RRTs to manage many of the simulated pediatric emergencies. Regardless of the team leader, the teams effectively recognized and managed many of the more common conditions that lead to rapid responses such as asthma, respiratory failure, and opioid overdose. The teams all had difficulty managing at least one of the scenarios, which suggests that simulation-based training, especially if the scenarios are based on complex patient presentations, could benefit all teams.
The positive scenario discriminations (the correlation between individual scenario scores and total scenario scores) indicate that team performance on any particular scenario correlated with the team's overall performance and that the scenarios assessed a common domain of pediatric practice, namely acute care management of hospitalized children. The range of discriminations observed among the individual scenarios (0.41 for the supraventricular tachycardia scenario to 0.87 for the infant head injury scenario), however, indicated that no single scenario could reliably predict a team's overall performance (Table III) . Like our previous studies in simulating acute care scenarios in pediatric conditions as well as in trauma settings, we found that the ability of a participant or a team to recognize and manage any individual scenario did not necessarily generalize to their management of other pediatric conditions. 21, 22 In the pediatric setting, the span of patient ages and the variety of conditions encountered supports an educational approach that includes a broad range of scenarios to effectively train RRTs as well as to provide a reliable assessment of team performance. The overall reliability of the assessment (r = 0.57) did not approach a level that would be useful to make high-stakes judgments concerning a team's ability. The scenarios, however, were useful in providing experiences for the RRTs and yield performance measures that can help educators provide meaningful feedback to team members regarding their strengths and weaknesses. Although valuable as an assessment of learning, teams would have to manage many more scenarios of similar construct if the scores are to be used for summative purposes. 20 A further limitation of this study is that the number of participants limits our ability to draw conclusions about the impact of the makeup of the team in contributing to the team performance. This variance was consistent throughout all teams and raises an interesting avenue for further investigation.
Simulation provides a method for RRT members to develop skills in appropriate diagnoses and treatments over a range of critical conditions in children of various ages. In this study, simulation exposed teams to clinical scenarios that required them to process patient data in real time and set management priorities. This type of critical thinking and decisionmaking is essential in crisis settings yet is difficult to assess either in traditional examinations or by observing clinical performance. The goal of the training was to improve the ability of pediatric RRTs to recognize the premonitory signs and symptoms that herald impending cardiopulmonary arrest and to develop skills to manage cardiovascular, neurologic, and respiratory deterioration more effectively. Incorporating code blue simulations into code team training has been associated with improvements in code team performance and survival to discharge following pediatric cardiac arrest. 23 We developed an inventory of scenarios to educate and evaluate pediatric RRTs. By providing RRTs with experience in managing several acute conditions, simulation-based education can be used to prepare teams as well as to identify strengths and deficiencies in their ability to manage acute events. These experiences, when combined with feedback, can be used to improve their ability to manage these critical events. Although a variety of factors potentially influence morbidity and mortality, improving team performance in managing critical events may be an essential factor in improving hospitalized children's outcomes. 24 Such training has applicability to pediatric residents, intensivists-in-training, NPs, and all who care for children. ■ Submitted for publication Dec 15, 2016 ; last revision received Feb 9, 2017; accepted Mar 9, 2017 
